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Abstract 

We consider the model, which contains a nonminimal coupUng of 
Dirac spinors to torsion. Due to the action for torsion that breaks 
parity the left - right asymmetry of the spinors appears. This con- 
struction is used in order to provide dynamical Electroweak symme- 
try breaking. Namely, we arrange all Standard Model fermions in 
the left - handed spinors. The additional technifermions are arranged 
in right - handed spinors. Due to the interaction with torsion the 
technifermions are condensed and, therefore, cause appearance of the 
gauge boson masses. In order to provide all fermions with masses we 
consider two possibilities. The first one is related to an additional 
coupling of a real massive scalar field to the considered spinors. The 
second possibility is to introduce the explicit mass term for the men- 
tioned Dirac spinors composed of the Standard Model fermions and 
the technifermions. 



1 Introduction 

It is well - known that quantum gravity in the first order formalism with 
either Palatini action or Hoist action leads to a four - fermion interaction 
between spinor fields coupled in a minimal way to torsion [1]. The given 
four - fermion interaction may lead to condensation of the fermions under 
certain conditions. A condensation of this kind has been considered in some 
cosmological models as a source of dark energy [2|, [3|, H] . 

In the present paper we suggest to consider torsion coupled in a nonmin- 
imal way to fermion fields |5l [6l [3 E] as a source of Dynamical Electroweak 
symmetry breaking (DEWSB). The basic idea is to assume that Poincare 
quantum gravity has two different scales. The first one is related to metric 
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field and the Riemannian connection compatible with metric. This scale is 
supposed to be somewhere around Planck mass and does not affect the low 
energy physics we deal with. The second scale is related to torsion degrees of 
freedom. This second scale is assumed to be one or two orders of magnitude 
over the TeV scale. That's why we expect torsion may play an important 
role in a new physics expected at the TeV scale. 

Probably, the most popular scheme of DEWSB is related to the Techni- 
color (TC) theory [9l [101 El Il2]- This theory contains an additional set of 
fermions that interact with each other via the Technicolor gauge bosons. This 
interaction is of the attraction nature and, therefore, in an analogy with the 
BCS superconductor theory may lead to formation of the condensate com- 
posed of fermions. This condensate, in turn, breaks Electroweak symmetry 
down to Electromagnetism. The effective Nambu - Jona - Lasinio model 
(NJL) of chiral symmetry breaking jlS] in TC contains four fermion interac- 
tions similar to those obtained in the theory of torsion coupled to fermions. 
This prompts us that the latter can be used, in principle, instead of techni- 
color. It is worth mentioning that TC theory itself suffers from problems re- 
lated to different mechanisms of fermion mass generation. Usually suggested 
Extended Technicolor (ETC) interactions [TH [151 HSl [13 UHl HH] do not pass 
precision Electroweak tests due to FCNC and contributions to Electroweak 
polarization operators. The so-called walking technicolor [201 (211 |22l [23] im- 
proves the situation but does not allow to generate t - quark mass in an 
appropriate way. Certain models in bosonic technicolor |2H [25] (that use the 
exchange by scalar particles instead of ETC gauge bosons) allow to gener- 
ate fermion masses without the problems specific for ETC (see, for example, 
[261 [281 [291 [23 [301 [311 [32] ) . But these models do not solve the Hierarchy prob- 
lem as the mass terms for the techniscalars receive quadratically divergent 
contributions from loop corrections. 

It is worth mentioning that the torsion field coupled in a minimal way 
to fermions cannot alone produce the correct DEWSB as it is coupled to 
all fermions in an equal way. Suppose that the additional fermions aimed 
to form a condensate are introduced. Then the condensation of these fields 
may occur only together with the condensation of the Standard Model (SM) 
fermions. In order to overcome this difficulty we consider fermion fields 
coupled in a nonminimal way to torsion. Then, if the low energy action 
for torsion breaks parity, the left - right asymmetry appears in the effective 
four - fermion interactions. That's why we arrange all SM fermions in the 
left - handed components of the Dirac spinors while the additional fermions 
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(called technifermions in an analogy with TC) are arranged in right - handed 
components of the spinors. 

Once the parity breaking is admitted in the torsion action, under natural 
assumptions this action has the form that leads to appearance of the con- 
siderable asymmetry between left-handed and right-handed fermions. Due 
to this asymmetry the four fermion interactions between the SM fermions 
are negligible compared to that of the technifermions. That's why the four - 
fermion interactions provide condensation of the technifermions while do not 
affect the dynamics of the SM particles. As a result the Electroweak sym- 
metry is broken while the SM fermions remain massless. Some other physics 
is to be added now in order to provide the appearance of their masses. 

The arrangement of SM fermions and the technifermions in the left - 
handed and right - handed components of the Dirac spinors allows us to 
introduce either the mass term for those spinors or the interaction of the 
fermion bilinears with real scalar field. Both these terms may be considered 
as perturbations over the four - fermion interactions caused by torsion. We 
consider these two possibilities as a source of the transition between SM 
fermions and technifermions. In both cases it is demonstrated how the SM 
fermion mass terms appear. 

The paper is organized as follows. In the 2-nd section we describe how the 
term in the torsion action that breaks parity leads to left - right asymmetry 
in the effective four fermion interactions. In the 3-rd section we introduce 
two spinors nonminimally coupled to torsion. The left - handed components 
of these spinors are used to arrange both left - handed and right - handed SM 
fermions while right - handed components of these spinors are used to arrange 
technifermions. We demonstrate how the resulting four - fermion action can 
be written in terms of 4 - component SM fermions and technifermions. In 
the 4-th section we consider the whole set of the SM fermions and tech- 
nifermions and describe how the resulting four - fermion interaction that has 
the form of the Extended NJL model works in order to provide condensation 
of technifermions. In section 5 we describe how the additional real scalar field 
coupled to fermions provides coupling of the SM fermions to Technifermion 
condensate. In section 6 the appearance of SM fermion masses due to an 
additional scalar field is described. In section 7 we consider how mass term 
for original spinors that contain SM fermions as their left - handed compo- 
nents leads to formation of SM fermion masses. In section 8 we end with the 
conclusions. 
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2 Left - right asymmetry due to torsion 

The action of a massless Dirac spinor coupled nonminimally to torsion has 
the form [51 El [7]: 



Sf = ^/{2^7'^a^V^-^[5M^]7'^^-^^f(7V. + ^T,)V^}c?^x (1) 

Here we assume that due to the gravitational action the inverse vierbein 
E'^ is close to 5^ at the considered energies while usual Christoffel symbols 
vanish. Axial vector torsion is Si = eijkiT^^^ while vector torsion is Tj = Tf^. 
Here Tj^ is usual torsion; rj and 17 are coupling constants. Below we assume 
for simplicity i] = fj = 1. (Actually, one can always rescale S and T in order 
to make t] and fj equal to 1.) 

The most general quadratic in first derivatives (of E) action for vector 
and axial torsion (tensorial torsion is not considered) has the form: 



St = ^{Mls J S'Sid^x + J TTid^x - Mj^ J S%d^x 

-M^s I S'T.d'x} (2) 



Here parameters Mst = M^s, M^t, Mss are of dimension of mass. We 
assume all these parameters are of the same order. So, it is natural to 

suppose that | Mj^ + M^j, + + M^s I > > I ^ss + ^tt - ^It - I > > 
\M'gg — M^rp\. With this choice the action can be rewritten in the form: 



St = / {S' + T){Si + Ti)d'x -^J{S^- T){Si - Ti)d'x 

AM^ r 

{S' + r){S.-Ti)d\ (3) 



where = m^,,+^tt+^st+K, ^ 7^f2 ^ -mIs-m^^+mI^+m^, ^ ^^^2 ^ 
Myy^Mgg ^ ^j^^ need > 0. Below we assume for simplicity AM^ = 0. 
(Actually, the consideration of the action with AM^ 7^ can be done eas- 
ily. However, it does not give anything new: the additional four - fermion 
term will appear, that does not change qualitative results provided that 
M_ >> M. >> AM.) 
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With the aid of torsion in ([T]) can be integrated out. The resulting 
effective action for the fermion field is: 

+ ^ ) (^-7>- )}d'x (4) 

Here left- and right-handed components of if) are denoted by if)- and -0+ 
respectively. We can see that if M+ 7^ M_ the effective fermion action has 
the left-right asymmetry. 



3 Condensation of composite Dirac field 

Let us now consider a more complicated situation when two Dirac spinors tj) 
and 4) are coupled to torsion. We consider the fermion action of the form: 

+ \ J {t^'rd,c/>'^ - t[d,^'h''(^' - l^'fil'S, + Ti)<P'}(fx (5) 

Here (j)'^ = 27^ ^ 0^ ^ ~ ^'ia^cf)* ^ ' following 
representation of 7 matrices: 7^^ = ( g 1 , where a*^ = cr" = 1; a* = 



-a' (z = 1,2,3); 7^ 



1 
-1 



Integration over torsion leads to 



Now let us compose new spinors "^t ~ y ^ j ~ 7 

Then we come to the following expression for the effective action: 



5 I ^- 
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+ 1 {liJtrd.^t + ^^{i^tYl'i^t){i'a^l'md'x (7) 

In this form the action both for ifjg and ■0* has the form of the action of 
Nambu - Jona - Lasinio effective model of chiral symmetry breaking. It is 
worth mentioning that the model with the action ([7]) is nonrenormalizable 
and should be considered as a finite cutoff model with the finite cutoff A^. 
There exists the critical value of mass Mq (that depends on the mentioned 
cutoff) such that at M+ < Mq (M_ < Mq) the field ipt ii's) is condensed 
while for M+ > Mc (M_ > Mc) it is not condensed. 

At this point we suppose that M_ >> Mc > M+. Therefore, the field ij^t 
is condensed while the field ijjs is not. The value of < i/jti^t > is expected to 
be around —A^ while the dynamical mass of i/jt is about At- 

Physically the parameter A^ is hidden within the theory of dynamical 
torsion. The scale of this theory is expected to be around A^. However, we 
do not see any indication that A^ must be of the same order as A^. Instead 
we expect A,^ ~ lOA-p or A^ ~ lOOA-r. This is in accordance with the next 
section, where it is shown that in leading approximation of the NJL model 
the critical value of mass is Mc ~ O.IA-^. 

4 Electroweak symmetry breaking due to 
torsion 

Now we are in a position to describe how torsion may provide the Electroweak 
symmetry breaking of the Standard Model. Let us arrange all left - handed 
fermions and right - handed fermions of the Standard Model in the left - 
handed parts of the Dirac spinors. Correspondingly, the additional fields are 
arranged within the right-handed parts of the given spinors. We call the 
mentioned additional fermion fields technifermions. The effective action of 
the model at energies much less than A^ has the form: 

Sf = J {^rsrD,i;: + 75^^a)(^.^^^5^6)|^4^ 

+ J mrD.i/jt + ^^WYj'^Pt)it^Hl'i^t)}d'x (8) 
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Here indices a, b enumerate the mentioned Dirac spinors while the derivative 
D contains all Standard Model gauge fields. In a complete analogy with 
the previous section we obtain condensation of technifermions tpt provided 
that M_ > Mc > M+. In the absence of the Standard Model (SM) gauge 
fields the SU{N')l ® SU{M)r symmetry of ^ is broken down to SU{J\f)v 
(here JV is the total number of SM fermions). The SM interactions act as a 
perturbation. 

Action ([8]) (except for the term with M_) has the form of the effective 
action for the SU{Ng) Farhi - Susskind model [33] (provided that there ex- 
ist Ng generations). That's why in an analogy with this technicolor model 
we expect to be at a TeV scale. At the same time usual fermions ■0s 
remain massless and some other physics should be added in order to provide 
appearance of their observed masses. 

In order to make the connection with Technicolor model more explicit 
let us apply Fierz transformation to the four fermion term of ([8]) for tech- 
nifermions: 

+ [(^t!L7.<J(^U7V^:J + (L R)]}d'x (9) 

In this form the action has exactly the form of the extended NJL model for 
QCD (see Eq. (4), Eq. (5), Eq. (6) of [13]) (with negative Gy, though), 
where the total number of technifermions plays the role of N^. So, we have 

Nc = M = 24; Gs = i^^2Jjt; Gy = -q^^mt- Here A^^ is the cutoff that is 
now the physical parameter of the model. Its value depends on the details of 
physics that provides the appearance of the four - fermion interactions. In 
our case A^ is to be calculated within the theory of dynamical torsion. 

Next, the auxiliary fields M, Lj, and Ri are introduced and the new action 
has the form: 

S = j{~{rt,LM:,^ln + {h.c.))~lQMlTvM+M}d'x 

+ j {(^j;^f Lf < J - 16M^Tr UL, + (L R)}d'x (10) 

Integrating out fermion fields we arrive at the effective action for the 
mentioned auxiliary fields (and the source currents for fermion bilinears). 
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The resulting effective action receives its minimum at M = rritl, where 
rrit plays the role of the technifermion mass (equal for all technifermions). 
In leading approximation the condensate of i/jt is expressed through rrit as 
follows: 

<**>=-T6^4™?r(-i.^) (11) 

A 

Here r(n, x) = ^e~^z^. The gap equation reads: 

G; = {-p(-Af)-4r(o.^)} (12) 

It does not depend on Gy- Obviously, there exists the critical value of Gs- 
at Gs > 1 the gap equation has the nonzero solution for nit while for Gs < 
1 it has not. This means that in this approximation the condensation of 



technifermions occurs at M+ < y j^A^ ~ O.lA^. 

In the absence of SM interactions the relative orientation of the SM gauge 
group Gw = SU{3)(^SU{2)^U{1) and SU{M)v from SU [M] l® SU {M) r 
SU{M)v is irrelevant. However, when the SM interactions are turned on, 
the effective potential due to exchange by SM gauge bosons depends on this 
relative orientation. Minimum of the potential is achieved in the true vacuum 
state and defines the pattern of the breakdown of Gw- This process is known 
as vacuum alignment (see, for example, |3ll [35]). The effective potential is 



V{U) = 4 elTT{ei'''U9'^''U 

a=SU{3),SU{2),U{iy,k 
, i 



2' 



F^A^) J2 elTT{92'''Ue'^''U+) (13) 



a=SUi3),SUi2),U{l);k 

There is no sum over A here. 6*^'^ are generators of Gw, A'^'-'{x) is the gauge 
boson propagator, J^^.^j = {,i^t.L;R.^abli'^t,L;R) technifermion currents; ma- 
trices A^^ are generators of SU{Af). U G SU{J\f) defines relative orientation 
of SU{J\f)v and Gw- F - is the technipion constant. In general case 
may be negative. However, in [33] arguments are given in favor of > 0. 
Namely, it was shown that if the technicolor interactions are renormalizable 
and asymptotic free, then the spectral function sum rules take place. Then 
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under assumption that in the spectral functions correspondent to vector and 
axial vector channels of < 0|r[J^^ Jj;^|0 > single intermediate states dom- 
inate, one finds > 0. In our case dynamical torsion plays the role of 
the technicolor interactions. That's why we need some suppositions about 
the dynamical torsion theory. In particular, if we require that this theory 
is renormalizable and asymptotic free (as it should in order to be self - con- 
sistent) and that two intermediate states dominate in the mentioned above 
correlator, we also have > 0. Under this supposition in a way similar 
to that of [3l] we come to the conclusion that Gw is broken in a minimal 
way. This means that the subgroups of Gw are not broken unless they should. 
The form of the condensate ( 1TT]1 requires that SU{2) and U{1) subgroups are 
broken. That's why in a complete analogy with SU{Ntc) Farhi - Susskind 
model Electroweak group in our case is broken correctly while SU (3) group 
remains unbroken. 

5 Transition between the left-handed and the 
right - handed spinors due to the scalar 
field 

Now let us again consider the model with two spinors -0 and (p and the 
following action: 

+ y"(V'^A + ^^(t)^)Hd^x (14) 
Here we have introduced real scalar field H with the action 

Sf, = j H^d^xd^'x (15) 

After integration over H and torsion we arrive at 

Sf = /{^^.7'^a^^, + ^^(^,7¥^,)(7A.7i7'^.)}^^'^ 
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+^ / - i^sl%)'d'x (16) 
After Fierz rearrangement we obtain: 

•5/ = /{^^.7^5M^.+ g4^(47¥^.)(^.7i7V.)}rf'^ 



1 

M 



+ I {i^tl^d^iJt + ^7ir72(^«7'7'V't)(^i7i7'^t)}f^^a; 



64M4 



+ {ipsY'(ps){tptlfii^t) + ^(V's7'''7''''0s)(V't7[/^7i/]V't) 
-{Ari'A){i'tl,l'A) - {i^sl'A){^tl%)]}d'x (17) 

Now if ipt is condensed, ipg acquires mass 

rris = < i'ti't > (18) 

6 Masses of Standard Model fermions 

Now we are ready to describe how Standard Model fermion masses appear. 
Let us consider the fermion action in the form: 



+ jiSaa'^'ai^a' +Vbb'Mb')Hd^X (19) 

Here index a enumerates left-handed SM fermions while b enumerates 
right-handed SM fermions. f] is hermitian matrix of couplings. Integrating 
out T, S, and H, we obtain: 

Sf = /{^^.V^.C + ^(<ff<)(fef^.')}o?'^ 
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1 

\^{5aa''4^-,a'>P+,a' + 5 aa' i' + ,atp - ,a' 

2 



+r]w4'-,b(l)+,b' + ribb'(p+,b(l)-,b') d X (20) 

Here we have introduced the usual SM Dirac fermions V's = 7^ ( j ^^'^ 

( (t>-\ 

technifermions ibf = \ ,„ . 

\^+ ) 

Let us now suppose that due to torsion technifermions are condensed. 
Vacuum ahgnment due to SM interactions was discussed in Section 4. Now 
the vacuum ahgnment should take into account mass term of f|T9l) as well. 
Namely, this term also plays the role of perturbation that influences the 
alignment of vacuum. Rather obvious, however, that if r] is diagonal in SU (2) 
and SU (3) indices and does not depend on color, then the perturbation of this 
type does not destroy the correct picture of Electroweak symmetry breaking. 
Then the usual condensate appears: 

< tlj^^^l >= -J'^^Al (21) 
After Fierzing we obtain the mass matrix for the SM fermions: 

rn, = (22) 

7 Mass term for and 

In this section we consider another possibility to give masses to the SM 
fermions. Namely, let us consider action f lTI?]) with the additional mass terms 
for spinors if) and </>: 



Sf = j{li>aYD^lPa-\llJal\l''S, + Ti)i;a]d^X 

- j {Saa'^all^a' + Vbb' 4>b(pb')mod'^X (23) 
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Here mo is the constant of the dimension of mass while rj is the hermitian 
matrix of couphngs. As in the previous section we imply here that rj is 
diagonal in SU (2) and SU (3) indices and does not depend on color. Taken 
in such form the mass term of fl23l) considered as a perturbation does not 
destroy the correct vacuum alignment. Integrating over torsion we obtain: 
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- j iSaa'tp-,a1p+,a' + Saa'tp+,ai>-,a' 

+r]bb'4>-,b(p+,b' + 'nbb'(f)+,b<P~,b')mod^x (24) 

Next, we neglect the terms with M_ and SM gauge fields that are to 
be considered as perturbations. We also introduce the auxiliary fields as in 
ENJL approach: 

{-{rt^LM^b^ln + ih.c.)) - 32MlTTM-'M}d'x 
+ J m,LYLfi^lL) - IGMlTrVL, + (L R)}d'x 

- J i5aa'i'-,atp+,a' + S aa' + - ,a' 

+Vbb'(p-,b4>+,b' + 'nbb'4>+,b(t>-,b')mod'^x (25) 

Integration over technifermions leads to appearance of the effective po- 
tential for M that has its minimum at M = m^l. So, M = nitl + H, where 
vacuum value of H is zero. Thus we get: 

Sf = J ^st^d^ijj'x + S,ff[L, R, H] 



-mo 



Here = d^ — i^^^L^ — i^—^R^. Now our supposition is that nit >> rriQ. 
We neglect fluctuations of H, L, and R around their zero vacuum values and 
arrive at: 
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Sf = I iJsit^d^ - mlr][mt]-'^sdS (27) 
As a result the mass term for -0^ appears with the mass matrix 

2 

TUs = —T] (28) 

It is worth mentioning that in order to consider the mass terms for -0 
and (p as perturbations we need rjmo << 100 Gev. This means that the 
consideration of the present section is vahd only for SM particles with masses 
less than 10 Gev. Thus, the t - quark mass generation needs an additional 
consideration. 



8 Conclusions 

In the present paper we suggest the possibility that dynamical torsion (with 
the scale one or two order of magnitude larger than the TeV scale ) coupled 
nonminimally to fermions can provide DEWSB. In order to construct the 
appropriate model we allow the parity breaking term to appear in torsion 
action. As a result, left - right asymmetry appears in the effective four - 
fermion interactions. We arrange all SM fermions in left - handed compo- 
nents of the Dirac spinors while right - handed components are reserved for 
technifermions. Due to the mentioned asymmetry the four - fermion terms 
that contain SM fermions are neglibible compared to the four - fermion term 
that contains technifermions. The latter term has the form of the action 
for Extended NJL model. This allows us to conclude that under the given 
assumptions about the torsion action the technifermions are condensed and 
cause the appearance of W and Z - boson masses. In order to provide the cor- 
rect vacuum alignment we also made some assumptions about the dynamical 
torsion theory similar to the assumptions about the technicolor interactions 
made in [34J. 

In order to provide appearance of masses for the SM fermions we consider 
two possibilities. The first possibility is to couple fermions to the real scalar 
field. Due to ejection of the scalar particle SM fermion may be transformed 
to technifermion. It is implied that the scalar mass is well above A^ (the scale 
of the technifermion condensation) . As a result the SM fermions are coupled 
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to technifermion condensate and acquire masses. (The similar mechanism is 
used in the so-called bosonic technicolor.) The second possibility is to add 
directly the mass term for the Dirac spinors that contain SM fermions as their 
left-handed components. This term is considered as a perturbation over the 
four - fermion interactions caused by torsion. We demonstrate that in leading 
approximation of the ENJL model appeared due to torsion the mass term for 
the SM fermions appears. Probably, the most attractive feature of the given 
constructions is that the transitions between SM fermions and technifermions 
are provided while dangerous FCNC do not appear. However, in the first case 
the ejection of a massive scalar is accompanied by usual Hierarchy problem as 
the correspondent mass receives quadratically divergent contributions from 
loop corrections. In the second case (the explicit mass term for the Dirac 
fermions) the Hierarchy problem does not appear. 

There is the important question about the scale of torsion mass parame- 
ters and the mass parameter entering fl23|) that gives rise to SM mass matrix. 
Actually, if one assumes that quantum gravity theory enters the game at the 
energies of the order of Planck mass rup, such mass parameters might be 
generated dynamically and, therefore, receive values at a rUp scale. There- 
fore in order to make the considerations of the present paper self - consistent 
we must suppose that there exists a mechanism within the nip scale theory 
that forbids dynamical generation of torsion mass as well as mo from (!23|) . 
Actually, we may suppose that there is no quantum theory of Riemannian 
geometry at all. Then the dynamical torsion theory may be thought of as a 
gauge theory of Lorentz group that is defined in Minkowsky space ^36j- This 
theory may have a scale slightly above 1 TeV. In this approach there is no 
problem with the scale nip at all. As for the classical gravity, it may appear, 
for example, as an entropic force [58] . 

It is worth mentioning that the FCNC are absent in our approach. There- 
fore, the main difficulty of ETC models is avoided. However, the tech- 
nifermions contribute to the Electroweak polarization operators and the con- 
sideration of these contributions is necessary in order to understand is our 
approach reahstic or not. However, we consider this issue to be out of the 
scope of the present paper. 

The main difficulty of our approach is, of course, that the Extended NJL 
model that appears after the integration over torsion is not renormalizable 
and is to be considered as a finite cutoff model. The results depend on 
the cutoff A^, that is, therefore, a physical parameter of the theory. This 
parameter is hidden within the theory of dynamical torsion and is expected 
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to be one or two order of magnitude larger than the scale A^. So, we expect 
~ 10 TeV or A^ ~ 100 TeV. At the same time the parameters of the 
effective low energy action for torsion must be \Mgg + M^j, + Mgrp-\-M^g\ » 
\M^s + M^j, - - Mts\ » \Mss - M^j,\. The physical mechanism for 
appearance of such a Hierarchy remains unknown. Also the complete theory 
of dynamical torsion is unknown that is to appear somewhere above the TeV 
scale. 

This work was partly supported by RFBR grants 09-02-00338, 08-02- 
00661, by Grant for leading scientific schools 6260.2010.2. 
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